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Galvanostatic electrochemical cycling
Figure S1a displayed the electrochemical cycling profiles of 30% Li doped Bi 25 FeO 40 electrode, which was prepared at 80 °C. During the discharge process, two obvious voltage plateaus existed at ~2.5 V and 3 V, similar to that observed in Figure   2a . However, the electrochemical discharge capacity for electrodes prepared at 80 °C was smaller compared with that prepared at 50 °C (Figure 2a ). Figure S1 : a) The galvanostatic cycling profiles using current density of ~ 10 mA/g. Electrodes prepared at 80 ºC were used for battery assembling; b) The galvanostatic cycling profiles using electrode prepared at 80 ºC. The assembled battery is firstly cycled for 24 times using current density of 10 mA/g before the current density is decreased; c) Typical galvanostatic cycling profile using current density of ~ 10 mA/g, electrode was prepared at 50 ºC.
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Using a current density of ~ 0.5 mA/g, a discharge capacity of ~ 40 mAh/g could be achieved at the 29 th cycle and increased to ~130 mAh/g at the 32 nd cycle, as displayed in Figure S1b . Detailed examination of the discharge capacity revealed that the major discharge capacity was located above 2.5 V. However, the discharge activity observed between 2~2.5 V (about 40 mAh/g) is much less compared with that when electrode was prepared at 50 °C (about 100 mAh/g). We noted that the sample is intact and smooth when electrodes were dried at 50 °C under vacuum, while there are cracks observed using drying temperatures of 80 °C and 120 °C. This might affect the electrode conductivity and contributes to different electrochemical cycling activities. Figure S2 : A spectro-electrochemical battery was assembled using electrode prepared at 80 ºC and cycled using a current density of ~ 2 mA/g. At various stages of cycling, the battery was stopped and XRD patterns were taken: Scan1) Freshly assembled, Scan2) The 10 th fully charged stage, Scan3) The 10 th fully discharged stage, Scan4) The 15 th fully charged stage, Scan5) The 15 th fully discharged stage.
Ex-situ XRD measurements of cycling batteries
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A 30% Li doped Bi 25 FeO 40 vs Li battery (electrode was prepared at 80 °C) was assembled using the in situ spectro-electrochemical cell feature and cycled with a current density of ~2 mA/g. The XRD patterns were obtained at different stages of the electrochemical cycling process，as displayed in Figure S2 . At initial stage when the battery was freshly assembled, its XRD pattern (scan 1) was consistent with that displayed in Figure 1a . At scan 2, where the battery was in the 10 th fully charged stage, few extra diffraction peaks appeared (marked using asterisks). During the 10 th fully discharged stage (scan 3), diffraction peaks of metallic Bi appeared. In the 15 th fully charged stage (scan 4), the metallic Bi diffraction peaks disappeared again and S5 re-appeared at the 15 th fully discharged stage (scan 5), indicating that there was a conversion reaction occurred during the electrochemical cycling process and those diffraction peaks marked by asterisks can be assigned to bismuth oxide I. Thus, the conversion reaction between metallic Bi and bismuth oxide was the origin for the electrochemical cycling activity. However, as displayed in scan 5, that there was still significant amount of the original phase (30% Li doped Bi 25 FeO 40 ) existed.
Electrochemical cycling profile during In situ XANES studies @ 5mA/g
The electrochemical cycling profile during in situ XANES experiments was displayed in Figure S3 . A discharge capacity ~450 mAh/g was achieved at a current density of 1 mA/g during the following discharge cycle. Figure S3 : The electrochemical cycling profile for the battery used for in situ XANES studies.
